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CONVERSION FACTORS, ABBREVIATIONS, VERTICAL DATUM, AND ABBREVIATED
WATER-QUALITY UNITS

Multiply By To obtain

inch (in.) 254 millimeter

foot (ft) 0.3048 meter

foot per day (ft/d) 0.3048 meter per day
foot per foot (ft/ft) 0.3048 meter per meter
mile (mi) 1.609 kilometer
square foot (ft?) 0.09294 square meter
square mile (mi?) 2.590 square kilometer
gallon (gal) 3.785 liter

cubic foot (ft%) 0.02832 cubic meter
cubic foot per second (tt3/s) 0.02832 cubic meter per second
gallons per minute (gal/min) 0.06308 liters per second
ounce (0z) 28.35 grams

pound (Ib) 4.536 kilogram
pounds per square inch (Ib/ in?) 6.895 kilopascal

Chemical concentration, water temperature, specific conductance, and other chemical and
physical characteristics are given in metric units. Chemical concentration is expressed in
milligrams per liter (mg/L). Water temperature is expressed in degrees Celsius. Conversion
from degrees Celsius (°C) to degrees Fahrenheit (°F) can be made as follows:

°F= 9/5(°C+32)

Specific electrical conductance of water is expressed in microsiemens per centimeter
(uS/cm) at 25 degrees Celsius.

Additional abbreviations:
mL = milliliter
mg /kg = milligrams per kilogram

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of
1929 -- a geodetic datum derived from a general adjustment of the first-order level nets of the
United States and Canada, formerly called Sea Level Datum of 1929.

The use of trade names is for identification purposes only and does not constitute an
endorsement by the U.S. Geological Survey.
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Sround-Water Hydrology and Use

Altitudes of the observation wells were determined on April 29, 1992, by USGS personnel
using standard surveying techniques. Measured water-level altitudes were used to determine
the direction of ground-water movement beneath the study area. Water-level data were collected
on May 19, June 27, July 7, and July 28, 1992, from the four shallow ground-water observation
wells completed in the surficial aquifer system. The water-level data for each observation well
were averaged to provide a mean water level for interpretation of the direction of ground-water
movement in the shallow aquifer system (table 1). These water-level data were used to define
the direction of potential trace-element migration and to estimate the velocity of ground-water
flow.

The inferred direction of ground-water movement is generally to the northeast across the
SAFR, under a hydraulic gradient of about 0.003 ft/ft between OW 4 and OW 1 (fig. 6). This
slight gradient does not follow the topographic relief; the direction of ground-water movement is
not in the direction of low relief across the SAFR. However, about 500 ft to the northeast of the
SAFR lies Booths Pond and Long Branch (about 195 ft above sea level). Booths Pond, an
impoundment of Long Branch, is 194 ft above sea level (fig. 1). These surface-water bodies have
stages 4 to 5 ft lower than ground-water levels in the observation wells and are potential ground-
water discharge sites.

The hydraulic conductivity of the saturated surficial sediments at the SAFR was measured
by performing volume-displacement slug tests m the shallow ground-water observation wells.
Head changes were detected by a 0 to 2.5 Ib/in? pressure transducer and recorded on a data
logger in the field. The hydraulic conductivity was calculated by using the Hvorslev method as
descnbed by Wylie and Wood (1990). Hydraulic conductivities ranged from1. 36 x 10" 2 t0 2.86 x
102 ft/d. These results are consistent with values of 2.83 x 10~ 2 t0 2.83 x 10~ ! ft/d reported for
the surficial aquifer system by Law Environmental Inc. (1988, p. 2-18, table 2).

The average linear velocity of ground-water flow in the shallow aquifer was determined
using Darcy's Law, as follows:

v=iK/n, (1)

where v is the average linear velocity of ground water, in feet per day;
i is the hydraulic gradient, in feet per foot;
K is the hydraulic conductivity, in feet per day; and
n is the aquifer porosity, in percent.

Based on the average hydraulic conductivity of 2.1 x 10?2 ft/d, a hydraulic gradient of
0.0032 ft/ft, and an estimated porosity of 30 percent from grain-size analysis on the observation-
well and borehole samples (appendix VI), the average lateral ground-water-flow velocity was
computed to be 2.25 x 10 ft/d (0.0821 ft/yr).

Most public supply wells used in Sumter County, including those located within SAFB, are
screened in the permeable sands of the Black Creek and Middendorf aquifer systems. These
wells supply approximately 90 percent of the drinking-water demand of Sumter County
(Stringfield and others, 1988). The shallow water-table aquifer system is not used as a source of
potable water at SAFB, although some shallow wells (40 - 85 gal/min) are used for domestic
purposes (Law Environmental, Inc., 1988; table B-2 in appendix I). There are no potable wells in
the shallow aquifer system between the SAFR and Long Branch or Booths Pond to the northeast.



Table 1.--Water levels in shallow ground-water observation wells at the Small-Arms Firing Range study
area, Shaw Air Force Base

Average water level

Observatio'n well number Top of casing altitude’ altitude?
(fig. 2) (feet) (feet)
Oowi1 212.68 198.53
ow2 211.66 199.12
ow3 211.45 199.18
ow4 209.68 199.19

IRelative to sea level.
2Average water level, from mean of individual measurements on May 19, June 27, July 7, and
July 28, 1992.

surface-Water Hydrology
Surface drainage from the eastern part of SAFB flows mainly to the northeast toward areas
of slightly lower elevation along Long Branch or Booths Pond, approximately 500 ft to the
northeast of the SAFR (fig. 1). Discharge from the pond and Long Branch flows southeastward
from the SAFB. Neither the branch nor the pond is used as a source for drinking water.

DATA COLLECTION AND ANALYSIS

The following sections describe the implementation of the field-study assessment of trace-
element concentrations in ground water and soil at the SAFR study area. The collection and
analysis of ground-water and soil samples are described, and the quality-control and quality-
assurance program discussed.

S i | Analviical Method

Ground-water and soil samples were collected at the study area, transported to a
laboratory, and analyzed for selected trace elements in concentrations above ambient
background concentrations. Ground-water-quality samples were collected from the four
observation wells in May and July 1992. Prior to collecting these samples, the wells were
pumped using a 2-in. diameter submersible pump until the dissolved-oxygen concentration, pH,
specific conductance, and temperature of the discharge had stabilized (table 2). Ground-water
samples were collected with a Teflon bailer and placed in 250 mL polyethylene sample bottles
and preserved with 1.0 molar (M) nitric acid. All samples were stored on ice and transported to
the analytical laboratory within 1 hour of final sample collection. At the laboratory, these
ground-water-quality samples were analyzed for total trace elements.
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Figure 6.—Generalized direction of shallow ground-water movement in study area.
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Table 2.--Physical characteristics of water in observation wells at the Small-Arms Firing Range,
Shaw Air Force Base, South Carolina, May 19, 1992

[mg/L, milligrams per liter; °C, degrees Celsius; uS/cm, microsiemens per centimeter]

Observation Dissoived Specific Temperature
well number pH oxygen conductance (°C)
(fig. 2) start/finish' (mg/L) (uS/cm) startAinish’
9 startffinish! startffinish'
Oowi1 4,95/4.85 7.3/6.95 43/42 18.9/18.7
ow2 6.73/5.59 5.8/5.8 32/20 19.2/19.0
ows 6.5/5.36 8.2/8.0 30/19 21.0/21.6
Oow4 5.71/5.23 9.2/8.2 20/19 18.8/19.2

! Start refers to initial well-volume purging and finish refers to measurement at time of sample
collection.

Soil samples were collected at the SAFR during installation of observation wells and
impact-berm boreholes. Samples were collected during observation-well borehole drilling using
a split-spoon coring device as previously described or were collected from drill cuttings brought
to the surface during drilling. Soil samples were collected from the cuttings of the six impact-
berm boreholes, which were hand augered to a depth of 13 ft using a stainless-steel hand auger
(fig. 2). To reduce the chance of cross-borehole contamination, the hand auger was rinsed with
methanol and distilled water between boreholes.

Ground-water samples from the four observation wells and soil samples from the
boreholes in the impact berm and observation wells were analyzed for trace elements using the
following USEPA approved analytical methods-- inductively coupled plasma (ICP), flame
ionization atomic adsorption spectroscopy (FIAA), and graphite furnace atomic adsorption
spectroscopy (GFAA). The soil samples were elutriated for analysis using the Toxicity
Characteristics Leaching Procedure (TCLP), method SW846:1311, Federal Register, vol. 55, no. 61
(USEPA, 1990b). The regulatory limits for the trace element concentrations elutriated by this
method are listed (table 5). Any TCLP constituent present in the leachate at or above the
regulatory limit is regarded as hazardous waste (Code 40 CFR Part 261.20, Subpart C (USEPA,
1990c). The TCLP procedure simulates leachate-formation characteristics under conditions of a
soil receiving rainfall at a pH of 5 for 10 days.

The contract laboratory used for ground-water and soil trace-element analyses is certified

(#40111) by the state of South Carolina. The laboratory participates in an internal quality-control
program consisting of sample runs with the inclusion of matrix spikes and blanks. Also, as part
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of a field-quality assurance program, a duplicate ground-water sample was collected and
submitted for analysis to verify the analytical reproducibility of the contract laboratory. There
was no difference in the analytical results of the two duplicate samples.

Field-quality assurance and quality-control measures included steam cleaning all drilling
equipment before the installation of each observation well, and the decontamination of all
ground-water and soil sampling equipment with multiple rinsings by methanol and distilled
water. Dedicated disposable latex gloves were used during the handling of all ground-water and
soil samples.

ASSESSMENT OF CONCENTRATIONS OF TRACE ELEMENTS IN
GROUND WATER AND SOIL

The results of trace-element analyses of ground-water and soil samples collected during the
field-sampling program at the SAFR are summarized in the following sections. Concentrations
of total trace elements in ground-water samples and concentrations of total and leachable trace
elements for soil samples are presented.

Irace Elements in Ground Water

Ground-water samples were collected from the four observation wells on May 19, 1992 and
July 28, 1992, and analyzed for total trace elements. The analytical results from May 19, 1992,
indicate that concentrations of most trace elements in these samples were below the analytical
method detection limit, including lead (table 3). Of the eight trace elements analyzed for, only
mercury was detected in two observation wells (OW1 and OW3) in concentrations that equaled
the detection limit. Cadmium concentrations in all four observation wells were below the
detection limit of the analytical method; however, the detection limit (0.010 mg/L) is twice the
maximum contaminant level (0.005 mg/L), therefore, the possibility exists that cadmium
concentrations could exceed the MCL. However, cadmium concentrations in the soil from the
impact berm were less than the detection limit, and concentrations of leachable cadmium were
also below the detection limit (see next section).

Ir Elements in Soi

Laboratory analyses of total trace-element concentration in soil samples collected at the
study area indicate that high trace-element concentrations were detected only in soil samples
from the impact berm (table 4). Total arsenic concentrations in soil from the impact berm ranged
from below the detection limit to 7.14 mg/kg. Total barium concentrations in soil from the
impact berm: ranged from 8.60 to 15.00 mg/kg. Total cadmium in the impact berm was at
concentrations less than the detection limit. Chromium concentrations ranged from 6.28 to 15.10
mg/kg in soil from the impact berm. Total lead concentration in the impact berm ranged from
93.60 to 12,500 mg/kg. Mercury concentrations in the impact-berm soil ranged from below the
detection limit to 0.06 mg/kg. Both selenium and silver concentrations in the impact-berm soils
were below the detection limit. Background trace-element concentrations in soils collected at
observation well 2 (OW2) were below the detection limit for arsenic, cadmium, selenium, and
silver. Barium concentrations in soil samples from this site ranged from 10.4 to 53.0 mg/kg and
chromium concentrations ranged from 2.60 to 3.20 mg/kg. Total lead concentrations in soil
samples at this site ranged from below the detection limit to 3.89 mg/kg and total mercury
concentrations ranged from less than the detection limit to 0.03 mg/kg.
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Table 3.--Location of ground-water sampling sites, analytical method detection limit, U.S.
Environmental Protection Agency maximum contaminant level, and summary of total
trace-element concentrations in water from observation wells at the Small-Arms Firing

Range, Shaw Air Force Base, South Carolina, May - July 1992

[mg/L, milligrams per liter; <, less than; ----, indicates no data collected]
Analytical .

Observation Trace method cg’n?;mr’:m Result, Result,
well number element detection level May 19, 1992  July 28, 1992
(fig. 2) limit T (mg/L) (mg/L)

own Arsenic 0.005 0.05 <0.006 = e
Barium .050 2 <050 -
Cadmium .010 .005 <010 e
Chromium .050 A <050 -
Lead .005 .05 <.005 <0.005
Mercury .0002 .002 .0002 -
Selenium .005 .05 <005 = -
Silver .050 .05 <050 -

Oow2 Arsenic .005 .05 <005 = -
Barium .050 2 <050 @ -
Cadmium .010 .005 <.010
Chromium .050 A <050 -
Lead .005 .05 <.005 <.005
Mercury .0002 .002 <0002 = -
Selenium .005 .05 <005 = -
Silver 050 .05 <050 -
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Table 3.--Location of ground-water sampling sites, analytical method detection limit, U.S.
Environmental Protection Agency maximum contaminant level, and summary of total
trace-element concentrations in water from observation wells at the Small-Arms Firing
Range, Shaw Air Force Base, South Carolina, May - July 1992--Continued

[mg/L, milligrams per liter; <, less than; ----, indicates no data collected]
Observation Trace Ar?laemg?' cgﬁgmz“ Result, Result,
well 'number element de{ecfuon level! May 19, 1992  July 28, 1992

(tig. 2) limit (mg/L) (mg/L) (mg/L)

(mg/L)

ow3 Arsenic 0.005 0.05 <0.006 = -
Barium .050 2 <050 -
Cadmium .010 .005 <010
Chromium .050 A <050 @ -
Lead .005 .05 <.005 <.005
Mercury .0002 .002 .0002 -
Selenium .005 .05 <005 -
Silver .050 .05 <050

Oow4 Arsenic .005 .05 <005 = -
Barium .050 2 <050 0 e
Cadmium .010 .005 <010 -
Chromium .050 A <050 -
Lead .005 .05 <.005 " <.005
Mercury .0002 .002 <.0002 -
Selenium .005 .05 <005 0
Silver .050 .05 <050 -

1 U.S. Environmental Protection Agency maximum contaminant level for trace elements that may
be found in drinking water.
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Table 4.--Summary of trace-element concentrations in soil samples from selected
observation wells and boreholes at the Small-Arms Firing Range, Shaw Air Force Base,
South Carolina, May - July 1992

[mg/kg, milligrams per kilogram; OW, observation well; <, less than;
ft, feet; BH, borehole]

Sampling site Analytical method Analytical

and depth Trace element detection limit result
(fig. 2) (mg/kg) (mg/kg)

owz Arsenic 2.50 <2.50
(2-41) Barium 2.50 53.00
Cadmium 50 <.50
Chromium 2.50 2.60
Lead 250 3.89
Mercury .02 .03
Selenium 2.50 <2.50
Silver 250 <2.50
ow2 Arsenic 2.50 <2.50
(6-811) Barium 2.50 30.00
Cadmium 50 <.50
Chromium 2.50 3.00
Lead 2.50 2.86
Mercury .02 .03
Selenium 2.50 <2.50
Silver 250 <2.50
ow2 Arsenic 250 <2.50
(12 - 14 1) Barium 2.50 10.40
Cadmium 50 <.50
Chromium 2.50 3.20
Lead 2.50 <2.50
Mercury .02 .03
Selenium 2.50 <2.50
Silver 2.50 <2.50



Table 4.--Summary of trace-element concentrations in soil samples from selected
observation wells and boreholes at the Small-Arms Firing Range, Shaw Air Force Base,
South Carolina, May - July 1992--Continued

[mg/kg, milligrams per kilogram; OW, observation well; <, less than;
ft, feet; BH, borehole]

Sampling site Analytical method Analytical

and depth Trace element detection limit result
(fig. 2) (mg/kg) (mg/kg)

owz Arsenic 2.50 <2.50
(18 - 20 ft) Barium 2.50 13.60
Cadmium .50 <.50
Chromium 2.50 2.80
Lead 2.50 <2.50
Mercury .02 .02
Selenium 2.50 <2.50
Silver 2.50 <2.50
ows Arsenic 2.50 <2.50
(4-61) Barium 2.50 26.00
Cadmium 50 <.50
Chromium 2.50 4.80
Lead 2.50 4.22
Mercury .02 .03
Selenium 2.50 <2.50
Silver 2.50 <2.50
ow4 Arsenic 2.50 <2.50
(3-51t) Barium 2.50 10.00
Cadmium 50 <.50
Chromium 2.50 5.00
Lead 2.50 3.55
Mercury .02 .03
Selenium 2.50 <2.50
Silver 2.50 <2.50
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Table 4.--Summary of trace-element concentrations in soil samples from selected
observation wells and boreholes at the Small-Arms Firing Range, Shaw Air Force Base,
South Carolina, May - July 1992--Continued

[mg/kg, milligrams per kilogram; OW, observation well; <, less than;
ft, feet; BH, borehole]

Sampling site Analytical method Analytical

and depth Trace element detection limit result
(fig. 2) (mg/kg) (mg/kg)

Oow4 Arsenic 2.50 <2.50
(10 - 13 1t) Barium 2.50 5.80
Cadmium .50 <.50
Chromium 250 3.20
Lead 2.50 3.52
Mercury .02 .02
Selenium 2.50 <2.50
Silver 250 <2.50
Oow4 Arsenic 2.50 <2.50
(18 - 20 ft) Barium 250 5.60
Cadmium .50 <.50
Chromium 2.50 3.00
Lead 2.50 2.50
Mercury .02 <.02
Selenium 2.50 <2.50
Silver 2.50 <2.50
BH1 Arsenic 2.50 7.14
(0-051t) Barium 2.50 8.60
Cadmium .50 <.50
Chromium 2,50 6.80
Lead 2.50 12,500.00
Mercury .02 <.02
Selenium 2.50 <2.50
Silver 2.50 <2.50
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Table 4.--Summary of trace-element concentrations in soil samples from selected
observation wells and boreholes at the Small-Arms Firing Range, Shaw Air Force Base,
South Carolina, May - July 1992--Continued

[mg/kg, milligrams per kilogram; OW, observation well; <, less than;
ft, feet, BH, borehole]

Sampling site Analytical method Analytical

and depth Trace element detection limit result
(fig. 2) (mg/kg) (mg/kg)

BH1 Arsenic 2.50 3.84
(1-1.51) Barium 2.50 10.60
Cadmium 50 <.50
Chromium 2.50 15.10
Lead 2.50 2,410.00
Mercury .02 <.02
Selenium 2.50 <2.50
BH1 Arsenic 250 2.88
(3-3.51t) Barium 2.50 11.60
Cadmium .50 <.50
Chromium 2.50 14.80
Lead 2.50 93.60
Mercury .02 .06
Selenium 2.50 <2.50
Silver 2,50 <2.50
BH1 Arsenic 2.50 <2.50
(56-5.51t) Barium 250 - 12.20
Cadmium 50 <.50
Chromium 2.50 6.28
Lead 2.50 384.00
Mercury .02 .04
Selenium 2.50 <2.50
Silver 2.50 <2.50
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Table 4.--Summary of trace-element concentrations in soil samples from selected
observation wells and boreholes at the Small-Arms Firing Range, Shaw Air Force Base,
South Carolina, May - July 1992--Continued

[mg/kg, milligrams per kilogram; OW, observation well; <, less than;
ft, feet; BH, borehole]

Sampling site Analytical method Analytical

and depth Trace element detection limit result
(fig. 2) (mg/kg) (mg/kg)

BH1 Arsenic 2.50 <2.50
(9.5-10ft) Barium 2.50 8.88
Cadmium .50 <.50
Chromium 2.50 7.62
Lead 2.50 3,630.00
Mercury .02 .03
Selenium 2.50 <2.50
Silver 2.50 <2.50
BH3 Arsenic 2.50 <250
(0.0-0.51t) Barium 2.50 15.00
Cadmium 50 <.50
Chromium 2.50 11.00
Lead 2,50 2,790.00
Mercury .02 .03
Selenium 2.50 <2.50
Silver 2.50 <2.50
BH3 Arsenic 2.50 5.22
(3-3.51t) Barium 250 10.00
Cadmium 50 <.50
Chromium 2.50 11.00
Lead 2.50 6,040.00
Mercury .02 .03
Selenium 2.50 <2.50
Silver 2.50 <2.50

22



Table 4.--Summary of trace-element concentrations in soil samples from selected
observation wells and boreholes at the Small-Arms Firing Range, Shaw Air Force Base,
South Carolina, May - July 1992--Continued

[mg/kg, milligrams per kilogram; OW, observation well; <, less than;
ft, feet; BH, borehole]

Sampling site Analytical method Analytical

and depth Trace element detection limit result
(fig. 2) (mg/kg) (mg/kg)

BH3 Arsenic 2.50 2.95
(5-5.51) Barium 2.50 9.60
Cadmium .50 <.50
Chromium 2.50 8.40
Lead 250 5,380.00
Mercury .02 .03
Selenium 250 <2.50
Silver 250 <2.50
BH6 Arsenic 250 - <250
(0-051) Barium 2,50 8.80
(range floor) Cadmium 50 <.50
Chromium 2,50 6.20
Lead 250 4,920.00
Mercury .02 <.02
Selenium 2.50 <2.50
Silver 250 <2.50
BH6 Arsenic 2.50 2.50
(3-3.51t) Barium 2.50 5.60
(range floor) Cadmium .50 <.50
Chromium 250 11.00
Lead 2.50 16.20
Mercury .02 <.02
Selenium 2,50 <2.50
Silver 2.50 <2.50
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Table 4.--Summary of trace-element concentrations in soil samples from selected
observation wells and boreholes at the Small-Arms Firing Range, Shaw Air Force Base,
South Carolina, May - July 1992--Continued

[mg/kg, milligrams per kilogram; OW, observation well; <, less than;
ft, feet; BH, borehole]

Sampling site Analytical method Analytical

and depth Trace element detection limit result
(fig. 2) (mg/kg) (mg/kg)

BH6 ) Arsenic 2.50 <2.50
(9-9.51t) Barium 250 13.00
(range floor) Cadmium .50 <.50
Chromium 250 7.40
Lead 2.50 15.20
Mercury .02 <.02
Selenium 250 <2.50
Silver 2.50 <2.50
BH6 Arsenic 2.50 <2.50
(13-13.51t) Barium 2.50 7.30
(range floor) Cadmium 50 <.50
Chromium 2.50 4.20
Lead 2.50 3.02
Mercury .02 <.02
Selenium 2.50 <2.50
Silver 2.50 <2.50

The TCLP was used to identify trace elements present in the soil at the study area that
exceed USEPA MCL's for leachable trace elements. Leachate trace-element concentrations
indicated that eight soil samples collected from the impact berm exceeded the EPA MCL for
leachable lead of 5 mg/L (table 5). Leachable lead concentrations ranged from 2.00 to 495.00
mg/L in soils collected from the impact berm at depths ranging from 0 to 10 ft. Concentrations
of leachable arsenic, barium, cadmium, chromium, mercury, selenium, and silver were below the
detection limit. Concentrations of lead and other trace elements in background soil samples
collected during the installation of observation wells 2, 3, and 4 (OW2, OW3, and OW4) were
below the detection limit.
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Table 5.--Location of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992

[mg/L, milligrams per liter; <, less than; ft, feet; OW, observation well; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

TCLP

SIS  codomen MO0 TN i
(fig. 2) de‘i‘;‘\g/'i)"m“ level (ﬁZ‘/’&
(mg/L)

owe Arsenic 0.50 5 <0.50
(2-41) Barium 10.00 100 <10.00
Cadmium 10 1 <10

Chromium .50 5 <.50

Lead .50 5 <.50

Mercury .05 2 <.05

Selenium .10 1 <10

Silver .50 5 <.50

ow2 Arsenic .50 5 <.50
(6-8ft) Barium 10.00 100 <10.00
Cadmium .10 1 <.10

Chromium .50 5 <.50

Lead .50 5 <.50

Mercury .05 2 <.05

Selenium 10 1 <.10

Silver .50 5 <.50
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Table 5.--Location of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992--Continued

[mg/L, milligrams per liter; <, less than; ft, feet; OW, observation well; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

TCLP

grivrichol R i AN 2
(fig. 2) de":fr“;’ﬂ)"m" level (ﬁZ‘/’"_t)
(mg/L)

ow2 Arsenic 0.50 5 <0.50
(12 - 14 1) Barium 10.00 100 <10.00
Cadmium 10 1 <.10

Chromium .50 5 <.50

Lead .50 5 <.50

Mercury .05 .2 <.05

Selenium .10 1 <.10

Silver .50 5 <.50

ow2 Arsenic .50 5 <.50
(18 - 20 ft) Barium 10.00 100 <10.00
Cadmium .10 1 <.10

Chromium .50 5 <.50

Lead .50 5 <.50

Mercury .05 2 <.05

Selenium .10 1 <.10

Silver .50 5 <.50
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Table 5.--Location of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992--Continued

[mg/L, milligrams per liter; <, less than; ft, feet; OW, observation well; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

TCLP

Sampling site A::'tﬁ;%al maximum ar;;?yl;iz al
anq depth Trace element detection limit contaminant result
{fig. 2) (mg/L) level (mg/L)

(mg/L)

OwW3 Arsenic 0.50 5 <0.50
(4-61t) Barium 10.00 100 <10.00
Cadmium .10 1 <.10
Chromium .50 5 <.50
Lead 50 5 <.50
Mercury .05 2 <.05
Selenium 10 1 <10
Silver .50 5 <.50
OwW4 Arsenic 50 5 <.50
(3-51t) Barium 10.00 100 <10.00
Cadmium 10 1 <10
Chromium .50 5 <.50
Lead .50 5 <.50
Mercury .05 2 <.05
Selenium 10 1 <.10
Silver 50 5 <.50
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Table 5.--Location of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992--Continued

[mg/L, milligrams per liter; <, less than; ft, feet; OW, observation weil; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

Sampling site A;zm;%al m:)gf;}:m ang Clyl;:::al
ar;ggc?egth Trace element detection limit contlzczlnant result
(mg/L) (mg/L) (mg/L)
Oow4 Arsenic 0.50 5 _ <0.50
(10 - 13 f1) Barium 10.00 100 <10.00
Cadmium 10 1 <10
Chromium .50 5 <.50
Lead 50 s <50
Mercury .05 2 <.05
Selenium 10 1 <10
Silver .50 5 <.50
Oow4 Arsenic .50 5 <.50
(18 - 20 ft) Barium 10.00 100 <10.00
Cadmium .10 1 <10
Chromium .50 5 <.50
Lead .50 5 <.50
Mercury .05 2 <.05
Selenium 10 1 <10
Silver .50 5 <.50
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Table 5.--Location of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992--Continued

[mg/L, milligrams per liter; <, less than; ft, feet; OW, observation well; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

TCLP

Sampling site A:‘th);ltio(;al maximum arL(I;yi;iI: al
arzggc?ezgth Trace element detection limit oontlgc':lnant result
(mgrL) Mg/l (mg/L)
BH1 Arsenic 0.50 5 <0.50
(0.0-0.5f1t) Barium 10.00 100 <10.00
Cadmium .10 1 <10
Chromium .50 5 <.50
Lead .50 5 485.00
Mercury .05 2 <.05
Selenium .10 1 <.10
Silver .50 5 <.50
BH1 Arsenic .50 5 <.50
(1-1.51) Barium 10.00 100 <10.00
Cadmium .10 1 <.10
Chromium .50 5 <.50
Lead .50 5 46.00
Mercury .05 .2 <.05
Selenium .10 1 <.10
Silver .50 5 <.50

29



Table 5.--Location of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992--Continued

[mg/L, milligrams per liter; <, less than; ft, feet; OW, observation well; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

Sampling site Ar:?;tm%al m;-)gr';;::m ar;; CI:y';i[:al
arz;::gciiez;;th Trace element detection limit contlzczrant result
(mg/L) (mg/L) (mgiL)
BH1 Arsenic 0.50 5 <0.50
(3-3.51t) Barium 10.00 100 <10.00
Cadmium 10 1 <.10
Chromium .50 5 <.50
Lead .50 5 2.00
Mercury .05 2 <.05
Selenium 10 1 <10
Silver .50 5 <.50
BH1 Arsenic .50 5 <.50
(5-551) Barium 10.00 100 <10.00
Cadmium .10 1 <.10
Chromium .50 5 <.50
Lead 50 5 16.50
Mercury .05 2 <.05
Selenium 10 1 <10
Silver .50 5 <.50
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Table 5.--Lacation of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992--Continued

[mg/L, milligrams per liter; <, less than; ft, feet; OW, observation well; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

Sampling site A:Slt);]ﬁot;al m;-)fi;lrﬁzm ar;ra?yl;:: al
ar(lg :egh Trace element detection limit oontlg:lr:?ant resuit
(mg/L) (mg/L) (mg/L)
BH1 Arsenic 0.50 5 <0.50
(9.5-101t) Barium 10.00 100 <10.00
Cadmium .10 1 <.10
Chromium .50 5 <.50
Lead .50 5 156.00
Mercury .05 .2 <.05
Selenium .10 1 <.10
Silver .50 5 <.50
BH3 Arsenic .50 5 <.50
(0.0 - 0.5 ft) Barium 10.00 100 <10.00
Cadmium .10 1 <.10
Chromium .50 5 <.50
Lead .50 5 402.00
Mercury .05 2 <.05
Selenium .10 1 <.10
Silver .50 5 <.50
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Table 5.--Location of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992--Continued

\ [mg/L, milligrams per liter; <, less than; ft, feet; OW, observation well; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

. TCLP
SN rscosumen M T aaiten
(fig. 2) de‘?‘rﬁg’/ﬂ;'m" level (’rf;‘/’f)
(mg/L)

BH3 Arsenic 0.50 5 <0.50
(3.0-3.51t) Barium 10.00 100 <10.00
Cadmium .10 1 <10

Chromium .50 5 <.50

Lead .50 5 72.00

Mercury .05 2 <.05

Selenium 10 1 <.10

Silver .50 5 <.50

BH3 Arsenic .50 5 <.50
(5-5.51t) Barium 10.00 100 <10.00
Cadmium .10 1 <.10

Chromium .50 5 <.50

Lead .50 5 32.00

Mercury .05 2 <.05

Selenium 10 1 <.10

Silver 50 5 <.50
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Table 5.--Location of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992--Continued

[mg/L, milligrams per liter; <, less than; ft, feet; OW, observation well; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

Sampling site Ar?lzlt);lt;(?l m;-gr;zm ar;?yl{:: al
arzggcfezr;th Trace element detection limit contlzzlr:{lant result
(mg/L) (mg/L) (mg/L)
BH6 Arsenic 0.50 5 <0.50
(0.0-0.51t) Barium 10.00 100 <10.00
(range floor) Cadmium .10 1 <.10
Chromium .50 5 <.50
Lead .50 5 56.00
Mercury .05 2 <.05
Selenium .10 1 <.10
Silver .50 5 <.50
BHé Arsenic .50 5 <.50
(3-3.51) Barium 10.00 100 <10.00
(range floor) Cadmium 10 1 <.10
Chromium .50 5 <.50
Lead .50 5 <.50
Mercury .05 2 <.05
Selenium 10 1 <10
Silver 50 5 <.50
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Table 5.--Location of soil sampling sites, analytical method detection limit, Toxicity
Characteristics Leaching Procedure maximum contaminant level, and Toxicity
Characteristics Leaching Procedure results for soil samples collected from
the Small-Arms Firing Range, Shaw Air Force Base, South Carolina,

May - July 1992--Continued

[mg/L, milligrams per liter; <, less than; ft, feet; OW, observation well; TCLP,
Toxicity Characteristics Leaching Procedure; BH, borehole]

Sampling site A{:lzmécda' m;ir)((:i'r;zm ar;ra(l:y%ti): al
ar;ggc{ez;;th Trace element detection limit oontlgvmenllwant result
(mg/L) (mg/L) (mg/L)
BH6 Arsenic 0.50 5 <0.50
(9-9.51) Barium 10.00 100 <10.00
(range floor) Cadmium 10 1 <10
Chromium .50 5 <.50
Lead .50 5 <.50
Mercury .05 .2 <.05
Selenium 10 1 <.10
Silver .50 5 <.50
BH6 Arsenic .50 5 <.50
(13- 13.5 1) Barium 10.00 100 <10.00
(range floor) Cadmium 10 1 <.10
Chromium .50 5 <.50
Lead .50 5 <.50
Mercury .05 2 <.05
Selenium 10 1 <.10
Silver .50 5 <.50
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The presence of potentially leachable lead exceeding the MCL in eight soil samples and the
absence of lead in all ground-water samples analyzed is probably a function of the concentration
of dissolved oxygen in ground water. Dissolved oxygen ranged from 5.8 to 8.2 mg/L in the
observation wells sampled. At these levels of dissolved oxygen, lead forms insoluble
compounds with common anions present in ground water (Krauskopf, 1979).

SUMMARY AND CONCLUSIONS

The U.S. Geological Survey investigated soil-bound trace-element concentrations and the
potential for leachate formation and migration to the shallow ground-water-flow system at the
Small-Arms Firing Range at Shaw Air Force Base, Sumter County, South Carolina. In April 1992,
four shallow ground-water observation wells were installed at the Small-Arms Firing Range
study area, and six hand-augered boreholes were completed in the impact-berm soil. Ground-
water and soil samples were collected and analyzed to determine the distributions and
migration potential of trace-elements at the study area.

Analyses of water samples collected from the shallow water-table aquifer indicated that
total trace-element concentrations in water beneath the study site were at or below analytical
detection limits, and did not exceed U.S Environmental Protection Agency maximum
contaminant levels. No lead was detected above detection limits in any ground-water sample
including the sample from the observation well (OW1) closest to and hydraulically
downgradient from the lead-contaminated soil of the impact berm.

Soil samples from the heavily used impact berm contained concentrations of lead,
chromium, barium, mercury, and arsenic in amounts greater than the analytical detection limits.
Concentrations of lead, chromium, mercury, and arsenic above background levels were detected
only in soils from the impact berm; no soil samples with elevated trace-element concentrations
were collected from areas outside the area of the impact berm.

The leachate-forming potential of the soil-bound trace elements was quantified using the
U.S. Environmental Protection Agency-approved Toxicity Characteristics Leaching Procedure.
Concentrations of leachable lead above the Environmental Protection Agency maximum
contaminant level for this procedure were in samples from the impact-berm soil from depths
ranging from 0 to 10 ft. Lead Toxicity Characteristics Leaching Procedure results for soil samples
collected in other areas indicated that trace-element concentrations were at or below the
detection limit of the method. Toxicity Characteristics Leaching Procedure results were below
detection limits for trace elements other than lead.

35



SELECTED REFERENCES

Aucott, WR,, and Speiran, G.K., 1985, Ground-water flow in the coastal plain aquifers of South
Carolina: Ground Water, v. 23, no. 6, p. 736-745.

Krauskopf, K.B., 1979, Introduction to geochemistry: McGraw-Hill Book Company, 617 p.

Law Environmental Inc., 1988, Pre-remedial Investigation Report, Site 7-Former Landfill, Shaw
Air Force Base, South Carolina.

Neilsen, D.M., 1991, Practical handbook of ground-water monitoring: Lewis Publishers, Inc.,
Chelsea, Michigan, 717 p. '

Page, A.L, and Chang, A.C., 1993, Lead contaminated soils: Priorities for remediation?:
Hazardous Waste & Hazardous Materials, v. 10, no. 1, p. 1-2.

Stringfield, W.J., Steirer, W.F,, and Nolte, Ann, 1988, South Carolina water supply and use, in
National Water Summary 1987-Water supply and use: U.S. Geological Survey Water-
Supply Paper 2350, p. 453-458.

Swartzbaugh, Joseph, Sturgill, Jeffrey, Williams, H.D., and Cormier, Barbara, 1993, Remediating
sites contaminated with heavy metals, Part II of IIl: Hazardous Material Control,
March/April, p. 51-59.

U.S. Environmental Protection Agency, 1990a, Environmental fact sheet: Toxicity characteristics
rule finalized, Office of Solid Waste and Emergency Response, Washington, D.C.

U.S. Environmental Protection Agency, 1990b, TCLP Method, U.S. Code of Federal Regulations,
SW 846:1311, v. 55, no. 61.

U.S. Environmental Protection Agency, 1990c, U.S. Code of Federal Regulations, Code 40, Part
261.20, Subpart C.

Wylie, Allan, and Wood, T.R., 1990, Computer Notes-A program to calculate hydraulic
conductivity using slug test data: Ground Water, v. 28, no. 5, p. 783-787.

36



APPENDIXES

III.

VL

VIL

VIIL

. Location of sampling sites, detection limits, and results of trace-element

analyses from soil samples collected November 2, 1990, by Shaw Air
Force Base personnel.

. Location of sampling sites, detection limit, and lead Toxicity Characteristics

Leaching Procedure results, from soil samples collected November 2, 1990,
by Shaw Air Force Base personnel.

Location of sampling sites, detection limits, and results of trace-element
analyses from soil samples collected on April 22, 1991, by Shaw Air Force
Base personnel.

Location of sampling sites, detection limit, and results of trace element
Toxicity Characteristics Leaching Procedure analyses from soil samples
collected on April 22, 1991, by Shaw Air Force Base personnel.

Hammer blows required to collect split-spoon samples at OW1
(observation well 1).

Grain-size analyses for borehole and observation well soil samples.

Borehole soil samples used for trace-element and Toxicity Characteristics
Leaching Procedure analyses.

Ordnance used at the Small-Arms Firing Range study site between
1967 and 1992.
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Appendix |
Location of sampling sites, detection limits, and results of trace-element analyses from soil samples
collected on November 2, 1990, by Shaw Air Force Base personnel (J. Spell, SAFB, written commun.,
March 1992)

[mg/kg, milligrams per kilogram; ft, feet; <, less than]

Analytical method

Sampling site and depth Trace element detection limit Analytical results
(fig. 2) (mg/kg) (mg/kg)
Target Lane 2 Arsenic 2.50 4.35
(at surface) Barium 2.50 15.10
Cadmium .50 <.50
Chromium 2.50 12.50
Lead 2.50 5,670.00
Mercury 02 .03
Selenium 2.50 <2.50
Silver 2.50 <2.50
Target Lane 1 Arsenic 250 2.90
(at 3 ft) Barium 2.50 17.70
Cadmium .50 <.50
Chromium 2.50 24.80
Lead 2.50 796.00
Mercury .02 .04
Selenium 2.50 <2.50
Silver 2.50 <2.50
Target Lane 2 Arsenic 2.50 <2.50
(at3 fr) Barium 2.50 14.00
Cadmium .50 <.50
Chromium 2.50 11.90
Lead 2.50 276.00
Mercury 02 4
Selenium 2.50 <2.50
Silver 2.50 <2.50
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Appendix |

Location of sampling sites, detection limits, and results of trace-element analyses from soil samples
collected on November 2, 1990, by Shaw Air Force Base personnel (J. Spell, SAFB, written commun.,
March 1992)--Continued

[mg/kg, milligrams per kilogram; ft, feet; <, less than]

Sampling(;ﬁsétezz;nd depth Trace element Agilgtcizlnm? ! Analg;;a/llkgsuhs
’ (mg/kg)
Target Lane 1 Arsenic 2.50 3.05
(ats fr) Barium 2.50 11.20
Cadmium .50 <.50
Chromium 2.50 2550
Lead 2.50 1,080.00
Mercury 02 04
Selenium 2.50 <2.50
Silver 2.50 <2.50
Target Lane 2 Arsenic 2.50 2.90
(at 5 ft) Barium 2.50 10.20
Cadmium .50 <.50
Chromium 2.50 23.90
Lead 2.50 461.00
Mercury .02 .04
Selenium 2.50 <2.50
Silver 2.50 <2.50
Target Lane 1 Arsenic 2.50 3.35
(at surface) Barium 2.50 19.80
Cadmium 50 <.50
Chromium 2.50 10.50
Lead 2.50 4,290.00
Mercury 02 04
Selenium 2.50 <2.50
Silver 2.50 <2.50

39



Appendix [l
Location of sampling sites, detection limit, and lead Toxicity Characteristics Leaching Procedure results,
from soil samples collected on November 2, 1990, by Shaw Air Force Base personnel (J. Spell, SAFB,
written commun., March 1992)

[mg/L, milligrams per liter; f, feet]

Sampling site and depth Aﬁiﬁg&fﬂ?ﬁ?{(’d Analytical results
(fig. 2) (melL) (mg/L)
Target Lane 2 0.50 165.00
(at surface)
Target Lane 1 .50 23.80
(at3ft)
Target Lane 2 .50 5.34
(at3 fu)
Target Lane 1 .50 14.40
(at S ft)
Target Lane 2 .50 20.80
(at 5 ft)
Target Lane 1 .50 144.00
(at surface)




Appendix IlI
Location of sampling sites, detection limits, and results of trace-element analyses from soil samples
collected on April 22, 1991, by Shaw Air Force Base personnel (J. Spell, SAFB, written commun.,
March 1992)

[mg/kg, milligrams per kilogram; ft, feet; <,less than]

Analytical method

Samplin%ﬁsétezz)md depth Trace element detection limit Analzrr;iﬁgsults
' (mg/kg)
H (at 8 ft) Arsenic 2.50 <2.50
Barium 2.50 <2.50
Cadmium .50 <.50
Chromium 2.50 2.62
Lead 2.50 <2.50
Mercury 02 <.02
Selenium 2.50 <2.50
Silver 2.50 <2.50
H(at6ft) Arsenic 2.50 <2.50
Barium 2.50 5.09
Cadmium .50 <.50
Chromium 2.50 5.95
Lead 2.50 <2.50
Mercury 02 <.02
Selenium 2.50 <2.50
Silver 2.50 <2.50
G (at 7 ft) Arsenic 2.50 <2.50
Barium 2.50 17.20
Cadmium .50 <.50
Chromium 2.50 14.00
Lead 2.50 <2.50
Mercury 02 .03
Selenium 2.50 <2.50
Silver 2.50 <2.50

41



Appendix Ili
Location of sampling sites, detection limits, and resuits of trace-element analyses from soil samples
collected on April 22, 1991, by Shaw Air Force Base personnel (J. Spell, SAFB, written commun.,
March 1992)--Continued

[mg/kg, milligrams per kilogram; ft, feet; <,less than]

Sampling site and depth Trace element Aﬁﬁzzln?;nt?fd Analytical results
(fig. 2) (mg/kg) (mg/kg)

E (at 6.5 f1) Arsenic 2.50 <2.50
Barium 2.50 9.36

Cadmium .50 <.50

Chromium 2.50 12.30

Lead 2.50 5.16

Mercury .02 .03

Selenium 2.50 <2.50

Silver 2.50 <2.50

F (at 10 ft) Arsenic 2.50 <2.50
Barium 2.50 9.77

Cadmium .50 <.50

Chromium 2.50 14.30

Lead 2.50 46.92

Mercury .02 .03

Selenium 2.50 <2.50

Silver 2.50 <2.50

B (at surface) Arsenic . 2.50 <2.50
Barium 2.50 19.60

Cadmium .50 <.50

Chromium 2.50 10.70

Lead 2.50 46.20

Mercury 02 .03

Selenium 2.50 <2.50

Silver 2.50 <2.50
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Appendix IlI
Location of sampling sites, detection limits, and resuits of trace-element analyses from soil samples
collected on April 22, 1991, by Shaw Air Force Base personnel (J. Spell, SAFB, written commun.,
March 1992)--Continued

[mg/kg, milligrams per kilogram; {t, feet; <,less than]

Analytical method

Samp lin%ﬁsgiteze;nd depth Trace element detection limit Anal(yr;i;a;lkgsulls
' (mg/kg)
B (at 3 ft) Arsenic 2.50 <2.50
Barium 2.50 9.12
Cadmium S0 <50
Chromium 2.50 10.30
Lead 2.50 263.00
Mercury .02 .02
Selenium 2.50 <2.50
Silver 2.50 <2.50
B (at 6 ft) Arsenic 2.50 <2.50
Barium 2.50 7.31
Cadmium .50 <.50
Chromium 2.50 <250
Lead 2.50 <2.50
Mercury .02 .02
Selenium 2.50 <2.50
Silver 2.50 <2.50
B (at 9 fi) Arsenic 2.50 <2.50
Barium 2.50 10.70
Cadmium .50 <.50
Chromium 2.50 15.90
Lead 2.50 <2.50
Mercury .02 04
Selenium 2.50 <2.50
Silver 2.50 <2.50
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Appendix Il
Location of sampling sites, detection limits, and results of trace-element analyses from soil samples
collected on April 22, 1991, by Shaw Air Force Base personnel (J. Spell, SAFB, written commun.,
March 1992)--Continued

[mg/kg, milligrams per kilogram; ft, feet; <,less than]

Samping e Meph  soenen dowcionlimy Al s
' (mg/kg)

A (at surface) Arsenic 2.50 <2.50
Barium 2.50 8.82

Cadmium .50 .57

Chromium 250 11.10

Lead 2.50 4,550.00

Mercury 02 .02

Selenium 2.50 <2.50

Silver 2.50 <2.50

A (at3ft) Arsenic 2.50 <2.50
Barium 2.50 8.56

Cadmium .50 <.50

Chromium 2.50 19.80

Lead 2.50 4,980.00

Mercury 02 .02

Selenium 2.50 <2.50

Silver 2.50 <2.50

A (at6ft) Arsenic 2.50 <2.50
Barium 2.50 33.50

Cadmium .50 <.50

Chromium 2.50 4.05

Lead 2.50 <2.50

Mercury 02 .05

Selenium 2.50 <2.50

Silver 2.50 <2.50



Appendix Ill
Location of sampling sites, detection limits, and results of trace-element analyses from soil samples
collected on April 22, 1991, by Shaw Air Force Base personnel (J. Spell, SAFB, written commun.,
March 1992)--Continued

[mg/kg, milligrams per kilogram; ft, feet; <,less than]

Samplin%ﬁsgitezz;nd depth Trace element Nﬁﬁtﬁ?ﬂ?ﬁnﬂ:?d Anal(y;i;alkgsuhs
' (mg/kg)
A (at 10 f) Arsenic 2.50 7.14
Barium 2.50 26.70
Cadmium .50 <.50
Chromium 2.50 5.88
Lead 2.50 3.54
Mercury 02 .07
Selenium 2.50 <2.50
Silver 2.50 <2.50
C(at5fr) Arsenic 2.50 <2.50
Barium 2.50 10.50
Cadmium .50 <.50
Chromium 2.50 10.70
Lead 2.50 8.38
Mercury 02 <.02
Selenium 2.50 <2.50
Silver 2.50 <2.50
C(at10fy Arsenic 2.50 <2.50
Barium 2.50 16.50
Cadmium .50 <.50
Chromium 2.50 15.10
Lead 2.50 2.52
Mercury .02 .02
Selenium 2.50 <2.50
Silver 2.50 <2.50
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Appendix 1l
Location of sampling sites, detection limits, and results of trace-element analyses from soil samples
collected on April 22, 1991, by Shaw Air Force Base personnel (J. Spell, SAFB, written commun.,
March 1992)--Continued

[mg/kg, milligrams per kilogram; ft, feet; <,less than]

Samp lin%ﬁs;te;)md depth Trace element Axc;zllyc:;gln:‘:nﬂ:?d Analz:liﬁgr;sults
' (mg/kg)
C (at13 fo) Arsenic 2.50 <2.50
Barium 2.50 5.62
Cadmium .50 <.50
Chromium 2.50 743
Lead 2.50 7.74
Mercury 02 .02
Selenium 2.50 <2.50
Silver 2.50 <2.50
D (at1ft) Arsenic 2.50 <2.50
Barium 2.50 14.80
Cadmium .50 <.50
Chromium 2.50 23.70
Lead 2.50 <250
Mercury .02 .02
Selenium 2.50 <2.50
Silver 2.50 <2.50
D (at5ft) Arsenic 2.50 <2.50
Barium 2.50 31.20
Cadmium .50 <.50
Chromium 2.50 6.39
Lead 2.50 <2.50
Mercury 02 .03
Selenium 2.50 <2.50
Silver 2.50 <2.50



Appendix iil
Location of sampling sites, detection limits, and results of trace-element analyses from soil samples
collected on April 22, 1991, by Shaw Air Force Base personnel (J. Spell, SAFB, written commun.,
March 1992)--Continued

[ma/kg, milligrams per kilogram; ft, feet; <,less than]

Sampling site and depth Trace element Agizcﬁfizlnl?:ﬂ?d Analytical results
(fig. 2) (mg/kg) (mg/kg)
D (at 10 ft) Arsenic 2.50 <2.50
Barium 2.50 4.69
Cadmium .50 <.50
Chromium 2.50 7.72
Lead 2.50 <2.50
Mercury .02 <.02
Selenium 2.50 <2.50
Silver 2.50 <2.50
D (at 13 ft) Arsenic 2.50 <2.50
Barium 2.50 9.99
Cadmium .50 <.50
Chromium 2.50 6.25
Lead 2.50 7.53
Mercury 02 <.02
Selenium 2.50 <2.50
Silver 2.50 <2.50
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Appendix IV
Location of sampling sites, detection limit, and results of trace element Toxicity Characteristics Leaching
Procedure analyses from soil samples collected on April 22, 1991, by Shaw Air Force Base personnel
(J. Spell, SAFB, written commun., March 1992)

[mg/L, milligrams per liter; ft, feet; <, less than]

Analytical method

Samplin%ﬁsgitezz;nd depth Trace element detection limit Anal)éis:/lLr)esults
' (mg/L)
H (at 8 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury 20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00
H (at 6 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury .20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00
G (at 7 ft) Arsenic 5.00 <5.00
Barium 100.00 - <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury 20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00
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Appendix IV
Location of sampling sites, detection limit, and results of trace element Toxicity Characteristics Leaching
Procedure analyses from soil samples collected on April 22, 1991, by Shaw Air Force Base personnel
(J. Spell, SAFB, written commun., March 1992)--Continued

[mg/L, milligrams per liter; t, feet; <, less than]

Analytical method

Sampling site and depth Trace element detection limit Analytical results
(fig. 2) (mg/L) (mg/L)

E (at 6.5 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00

Cadmium 1.00 <1.00

Chromium 5.00 <5.00

Lead 5.00 <5.00

Mercury 20 <20

Selenium 1.00 <1.00

Silver 5.00 <5.00

F (at 10 f) Arsenic 5.00 <5.00
Barium 100.00 <100.00

Cadmium 1.00 <1.00

Chromium 5.00 <5.00

Lead 5.00 <5.00

Mercury .20 <.20

Selenium 1.00 <1.00

Silver 5.00 <5.00

B (at surface) Arsenic 5.00 <5.00
Barium 100.00 <100.00

Cadmium 1.00 <1.00

Chromium 5.00 <5.00

Lead 5.00 <5.00

Mercury 20 <.20

Selenium 1.00 <1.00

Silver 5.00 <5.00
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Appendix IV
Location of sampling sites, detection limit, and results of trace element Toxicity Characteristics Leaching
Procedure analyses from soil samples collected on April 22, 1991, by Shaw Air Force Base personnel
(J. Spell, SAFB, written commun., March 1992)--Continued

[mg/L, milligrams per liter; ft, feet; <, less than]

Analytical method

Sampling site and depth Trace element detection limit Analytical results
(fig. 2) (mg/L) (mg/L)

B (at3ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 5.19
Mercury .20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00

B (at 6 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury 20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00

B (at9 ft) Arsenic 5.00 <500
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury 20 <20
Selenium 1.00 <1.00
Silver 5.00 <5.00



Appendix IV
Location of sampling sites, detection limit, and results of trace element Toxicity Characteristics Leaching
Procedure analyses from soil samples collected on April 22, 1991, by Shaw Air Force Base personnel
(J. Spell, SAFB, written commun., March 1992)--Continued

[mg/L, milligrams per liter; ft, feet; <, less than]

Sampling site and depth Trace element Nﬁg&fﬂ‘:‘;ﬁf‘i Analytical results
(tg. 2) mgl) (mg/L)

A (at surface) Arsenic 5.00 <5.00
Barium 100.00 <100.00

Cadmium 1.00 <1.00

Chromium 5.00 <5.00

Lead 5.00 84.90

Mercury 20 <20

Selenium 1.00 <1.00

Silver 5.00 <5.00

A (at 3 ft) Arsenic 5.00 <5.00

Barium 100.00 <100.00

Cadmium 1.00 <1.00

Chromium 5.00 <5.00

Lead 5.00 18.70

Mercury 20 <.20

Selenium 1.00 <1.00

Silver 5.00 <5.00

A (a6 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00

Cadmium 1.00 <1.00

Chromium 5.00 <5.00

Lead 5.00 <5.00

Mercury 20 <.20

Selenium 1.00 <1.00

Silver 5.00 <5.00
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Appendix IV
Location of sampling sites, detection limit, and results of trace element Toxicity Characteristics Leaching
Procedure analyses from soil samples collected on April 22, 1991, by Shaw Air Force Base personnel
(J. Spell, SAFB, written commun., March 1992)--Continued

[mg/L, milligrams per liter; ft, feet; <, less than]

Sampling site and depth Trac‘e clement Aﬁiﬁgﬁﬂ?ﬁ:’d Analytical results
(fig. 2) (mg/L) (mg/L)
A (at 10 f) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury .20 <20
Selenium 1.00 <1.00
Silver 5.00 <5.00
C (at5ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury 20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00
C (at 10 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 5.19
Mercury 20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00
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Appendix IV
Location of sampling sites, detection limit, and results of trace element Toxicity Characteristics Leaching
Procedure analyses from soil samples collected on April 22, 1991, by Shaw Air Force Base personnel
(J. Spell, SAFB, written commun., March 1992)--Continued

[mg/L, milligrams per liter; ft, feet; <, less than]

Samplin%ﬁsgitezz;nd depth Trace element Agzltg;zlnr?ifn[??d Anal)(ricga/ILx;esults
' (mg/L)
Cat 13 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury 20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00
D (at 1ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury 20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00
D (at 5 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 5.19
Mercury 20 <.20
Selenium 1.00 <1.00
Silver 5.00 <5.00
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Appendix [V
Location of sampling sites, detection limit, and results of trace element Toxicity Characteristics Leaching
Procedure analyses from soil samples collected on April 22, 1991, by Shaw Air Force Base personnel
(J. Spell, SAFB, written commun., March 1992)--Continued

[mg/L, milligrams per liter; ft, feet; <, less than]

Sampling site and depth Trace element Aﬁfécﬁgzlnl?ﬁ?fd Analytical results
(fig. 2) (mg/L) (mg/L)
D (at 10 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <1.00
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury 20 <20
Selenium 1.00 <1.00
Silver 5.00 <5.00
D (at 13 ft) Arsenic 5.00 <5.00
Barium 100.00 <100.00
Cadmium 1.00 <100
Chromium 5.00 <5.00
Lead 5.00 <5.00
Mercury .20 <.20
Selenium 1.00 <1.00
Silver \ 5.00 <5.00




Appendix V

Hammer blows required to collect split-spoon samples at OW1

Dept(l;;;t)erval Number of blows required
Oto2 2-12-11-11
2104 19-22-21-20
4106 8-9-8.7
6108 3-4.5.4
81010 3.4.5.6
10w 12 6-12-15-14
1210 14 14-16-17-22
1410 16 26-32-27-41
16 10 18 16-18-19-17
18 10 20 12-14-14-22
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Appendix VII

Borehole soil samples used for trace-element and Toxicity Characteristics Leaching Procedure analyses

Observation well number Dep t(l;ei:tt)crval
ow2 2t04;6t08; 1210 14; 1810 20
ow3 4106
ow4 3105;10to 13; 18 t0 20
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Appendix VI
Ordnance used at the Small-Arms Firing Range study site between 1967 and 1992

[mm, millimeter; x, belongs to category]

Ordnance type Ball Tracer

22 caliber X

5.56 mm X X
38 caliber X X
12 gauge shot X

7.62 mm X X

9 mm X
45 caliber X




